A bacterium capable of producing melanin pigment in the presence of L-tyrosine was isolated from a crop field soil sample and identified as Klebsiella sp. GSK based on morphological, biochemical, and 16S rDNA sequencing. The polymerization of this pigment occurs outside the cell wall, which has a granular structure as melanin ghosts. Chemical characterization of the pigment particles showed then to be acid resistant, alkali soluble, and insoluble in most of the organic solvents and water. The pigment got bleached when subjected to the action of oxidants as well as reductants. This pigment was precipitated with FeCl 3, ammoniacal silver nitrate, and potassium ferricynide. The pigment showed high absorbance in the UV region and decreased absorbance when shifted towards the visible region. The melanin pigment was further charecterized by FT-IR and EPR spectroscopies. A key enzyme, 4-hydroxyphenylacetic acid hydroxylase, that catalyzes the formation of melanin pigment by hydroxylation of Ltyrosine was detected in this bacterium. Inhibition studies with specific inhibitors, kojic acid and KCN, proved that melanin is synthesized by the DOPA-melanin pathway.
Melanins form a diverse group of pigments synthesized in living organisms in the course of hydroxylation and polymerization of organic compounds. Melanin production is observed in all large taxa from both the Prokaryota and Eukaryota [25] . Melanin is nearly a ubiquitous pigment. Animal melanins may be classified as black eumelanins and yellow-to-brown pheomelanins, whereas melanins from plants, fungi, and bacteria are brown-to-black allomelanins [22] . Melanins are negatively charged, hydrophobic [5] , and high-molecular-weight compounds. These pigments are insoluble in both aqueous and organic solvents, and its is consequently difficult to study their structure by conventional biochemical and biophysical techniques [23] .
The ability to produce melanin is widespread among microorganisms. From the chemical point of view, the only common feature of microbial melanins is it being a product of oxidative polymerization of various phenolic substances. Melanins form a quite heterogeneous group of biopolymers. As a consequence, melanogenesis can serve as an example of evolutionary convergence, besides mimicry, and signaling, as well as protection against UV and visible light, and extreme temperatures, and maintaining a proper balance of metal ions [25] . Melanin pigments are synthesized by organism representative of all biological kingdoms and have been implicated in a wide variety of physiological and pathological processes, including the pathogenesis of some microbial infections [5, 37] . Production of melanin is one of the most universal (but at the same time enigmatic) adaptations of living organisms to the variable conditions of the Earth. The presence of various kinds of melanins in representatives of almost every large taxon suggests an evolutionary importance of melanogenesis [38] . Melanins have great application potentials in the agriculture, cosmetics, and pharmaceutical industries. Research has revealed that melanin produced by Streptomycete showed photoprotection and mosquitocidal activity of Bacillus thuringiensis subsp. israelensis [19] .
Melanins are heterogeneous polymers of dihydroxy indole (DHI) and dihydroxy indole carboxylic acid (DHICA) monomers linked by heterogeneous non-hydrolizable bonds [9] , with only a short-distance ordering [7] . It was suggested that melanin polymers constitute the building blocks of melanin granules [39] . The process of granules formation and their dimension are strongly pH dependent, where a low pH promotes the aggregate growth and a high pH induces the break up of the granules to small particles -oligomers with a lower degree of polymerization. This process is a consequence of the polyelectrolyte nature of *Corresponding author Phone: +91-8472-263289; Fax: +91-8472-245632; E-mail: goudartbk@rediffmail.com melanin, and it is dependent on the ionization state of melanin groups like carboxylic, phenolic, and aminic groups as well as on the ionic strength of the environment. These features make the melanin a very complex absorbing material [4] . A bacterium capable of producing a high amount of melanin from L-tyrosine within 3 days of incubation has been isolated. A key enzyme, 4-hydroxyphenylacetic acid hydroxylase, involved in the formation of melanin pigment from L-tyrosine is shown in this bacterium. Characterization of the physiochemical properties of black pigment melanin have been carried out. Moreover, inhibitory studies of melanin synthesis are presented in this paper.
MATERIALS AND METHODS

Chemicals
Synthetic melanin, L-dihydroxyphenylalanine, and L-tyrosine were procured from Sigma Chemicals Co., St. Louis, USA. Kojic acid was obtained from HiMedia chemicals, Mumbai, India, and all other chemicals used were of analytical reagent grade.
Screening of Bacteria Capable of Producing Melanin Pigment
Bacterial strains capable of producing high amounts of melanin were isolated from various crop field samples. The selected strain was grown in 250-ml Erlenmeyer flasks containing 100 ml of minimal medium containing defined components (29.4 mM K , and 55 mM glucose) with or without L-tyrosine (1 g/l) at pH 7.2. Inoculated culture flasks without L-tyrosine as well as uninoculated flasks containing L-tyrosine served as controls. The medium was autoclaved at 15 psi (121 o C) for 20 min; these flasks were inoculated with the bacterium and incubated at 37 o C on a rotary shaker at 220 rpm for 72-96 h. Thereafter, the culture was collected by centrifugation at 8,000 ×g and the melanin present in the culture spent medium was extracted. For L-tyrosine-dependent pigment production assay, different concentrations of L-tyrosine were supplemented to the above media (0 to 2 g/l in 250 mg/l increments).
The isolated bacterial strain was identified based on morphological, biochemical, and physiological tests and 16S rDNA sequencing [1] . The sequence was deposited in the National Center for Biotechnology Information (NCBI) nucleotide sequence database under the accession number GU066861. The 16S rDNA sequence was compared with sequences available in public databases, using the BLAST search program on the NCBI Web site (http://www.ncbi. nlm.nih.gov/) to find closely related bacterial 16S rDNA gene sequences. Phylogenetic and molecular evolutionary analyses were conducted using the MEGA version 4 software [31] . A phylogenetic tree was constructed by the neighbor-joining method and maximum composite likelihood model with bootstrap values at 500 replicates. This culture is deposited in the National Collection of Industrial Microorganisms (NCIM), Pune, India under the accession number NCIM 5338.
Growth Condition, Pigment Production, and L-Tyrosine Utilization Glucose was used as carbon source and the growth of the culture medium was measured as change in optical density (OD) at 660 nm, optimum pH 7.2, and temperature of 37 o C. The formation of melanin pigment from L-tyrosine by this bacterium in the cell-free culture supernatant was monitored at 400 nm [32] . The absorbance value was converted by using a standard calibration curve of synthetic melanin [36] . L-Tyrosine utilization was measured by the method reported by Arnow [2] . To 1 ml of culture supernatant, 1 ml of mercuric sulfate reagent and 1 ml of sodium nitrite reagent were added, and then the absorbance was measured at 546 nm using a spectrophotometer.
In Vitro Melanization Assay Klebsiella sp. GSK cells were spread on chemically defined minimal medium containing 1.8% (w/v) bacto agar, pH 7.2, with or without L-tyrosine, and incubated for 2-3 days at 37 o C. Plates were examined daily to monitor the growth of the bacterium and melanin pigment production.
Pigment Extraction
Aliquots (4 ml) of cells were inoculated into 250-ml conical flasks, each containing 100 ml of the defined medium with or without Ltyrosine. Cultures were grown until the liquid medium became darkly pigmented and nearly opaque. The method of pigment extraction from this Klebsiella strain grown medium was followed as described by Nicolaus [21] . The 3-days-grown cell suspension was disrupted by using a Vibracell ultrasonicator (model VC 375; USA) in an ice bath at a normal power of 70 W for 3-min periods; each period of disruption was of 30-s cycles followed by a 1-min off cycle during which the medium and oscillator probe were cooled in ice. The disrupted broth was acidified with 1 N HCl to pH 2 and allowed to stand for one week at room temperature. Then this suspension was boiled for 1 h to prevent the formation of melanoidins and then centrifuged at 8,000 ×g for 10 min [12] . The formed black pigment pellet was washed three times with 15 ml of 0.1 N HCl and then with water. To this pellet, 10 ml of ethanol was added and the mixture then incubated in a boiling water bath for 10 min and then kept at room temperature for 1 day. The pellet was washed with ethanol two times and then dried in air. The extracted pigment pellets were pooled for use in subsequent analyses.
Chemical Analysis of the Pigment
The chemical analysis of melanin pigment was carried out by the modified method of Fava et al. [12] . The solubilities of the black pigment in distilled deionized water, 1 N HCl, 1 N NaOH, ethanol, acetone, chloroform, benzene, and phenol were checked. Reactions with oxidizing agents such as 6% sodium hypochlorite (NaOCl) and 30% hydrogen peroxide (H ) were also tested for reaction with the black pigment. The pigment was also precipitated with 1% FeCl 3 , ammoniacal silver nitrite, and potassium ferricyanide. These tests were carried out in parallel with synthetic melanin for comparison. Results represent identical outcomes of qualitative physical and chemical tests for replications.
UV-Visible Spectroscopic Analysis of the Extracted Melanin
Different concentrations of purified melanin were prepared using the initial concentrations of 100 mg/l in 0.1 N NaOH, and diluted to 1:1, 1:2, and 1:3. Each alkaline solution was scanned from 180 to 900 nm wavelengths. A 0.1 N NaOH was used as the blank [36] . The spectroscopic property of the melanin pigment obtained from Klebsiella sp. GSK was compared with synthetic melanin.
